The present study pertains to the evaluation of urine as a specimen for detection of anti-hepatitis A virus (anti-HAV) antibodies. Immunoglobulin M (IgM), IgG, and IgA capture enzyme-linked immunosorbent assays for hepatitis A were performed on paired serum and urine specimens collected from hepatitis A patients (n ‫؍‬ 92), healthy individuals (n ‫؍‬ 100), non-A hepatitis patients (n ‫؍‬ 70), and patients with nonhepatic diseases (n ‫؍‬ 64, including 37 renal disease patients). Hepatitis A patients seropositive for anti-HAV IgM showed 95.65% uropositivity. No false-positive reactions were observed in control groups. The uropositivity of anti-HAV IgM persisted during the convalescent phase of the disease. Anti-HAV IgG uropositivity correlated well with corresponding seropositivity in all groups (P > 0.05 for each). No significant difference between the proportions of serum and urine positivity for anti-HAV IgA was noted (P > 0.05 for each). Using seroreactivity as a "gold standard," the sensitivity and specificity for anti-HAV IgM, anti-HAV IgG, and anti-HAV IgA tests with urine as a specimen were found to be 95.65 and 100%, 97.76 and 76.47%, and 92.23 and 88.18%, respectively. Urine appears to be comparable to serum for diagnosis of recent and past infection with hepatitis A.
Blood samples are of prime importance in biochemical testing and in seroimmunological diagnosis. Collection of blood specimens, however, is cumbersome on account of the need for sterile equipment and trained staff. In developing countries, the use of disposable syringes, needles, and gloves is not regularly practiced, rendering the subjects at risk for infections. A slippery vein or improper judgment of the location of a vein gives rise to untoward reactions. To circumvent the need for blood samples, the potential of alternative body fluids such as saliva and urine for detection of immunoglobulins against various microbial agents has been investigated (3, 8, 13, 15, 20, 22, 27, 30) .
Among the assays employed for detection of salivary or urinary antibodies against infectious agents, antibody class capture assays were preferred to conventional assays (8, 22, 23) . The capture assays have been reported to be dependable due to their abilities to capture specific immunoglobulin even at low levels and to establish specificity in the initial stage of the assay. Immunoglobulin M (IgM) and IgG capture radioimmunosorbent assays have been demonstrated to detect urinary and salivary anti-hepatitis A virus (anti-HAV) antibodies (23) . An IgG capture enzyme-linked immunosorbent assay (ELISA) has been attempted for detection of antibodies to respiratory syncytial and influenza A/Taiwan (H1N1) viruses in urine (11) . However, satisfactory use of IgG capture ELISA for detection of salivary and urinary antibodies against human immunodeficiency virus (HIV) types 1 and 2 has been described (8, 21) . This assay appeared to be a promising alternative to conventional tests for use as a new epidemiological tool for surveillance purposes.
We developed an IgM capture ELISA for detection of recent infection with hepatitis A, validated it, and found its sensitivity and specificity to be comparable to those of the commercially available HAVAB-M enzyme immunoassay from Abbott Laboratories, North Chicago, Ill. (5). The assay protocol was further extended for detection of HAV IgG and IgA antibodies in serum. We report here the use of IgM, IgG, and IgA class capture ELISAs for evaluation of urine specimens for the diagnosis of hepatitis A.
MATERIALS AND METHODS
Study subjects and specimens. Paired serum and urine samples were collected from 100 healthy individuals, 162 hepatitis patients, and 64 patients with nonhepatic diseases. The 100 healthy subjects included children (60 males and 15 females) age 5 to 10 years and adults (9 males and 16 females) age 23 to 58 years. No history of recent illness was reported for these subjects. Most of the subjects belonged to lower-middle socioeconomic classes. The 162 hepatitis patients included patients with sporadic and epidemic cases from Pune in the state of Maharashtra, India. The patients were clinically examined for characteristic symptoms and signs and elevated serum alanine aminotransferase activity and were then referred to the National Institute of Virology, Pune, for serological diagnosis of viral hepatitis. Thus, the samples obtained from patients were after the onset of clinical symptoms with variable postonset periods. This group included 112 males and 50 females age 2 to 55 years. The 64 patients hospitalized on account of nonhepatic diseases included 42 males and 22 females age Ͻ1 to 75 years suffering from viral gastritis, bronchitis, anemia, diarrhea, renal disease, or renal failure. Prior to sample collection, informed consent was obtained from healthy adults and patients with nonhepatic diseases. In the case of children, consent was sought from their parents. All serum and urine specimens were stored in 500-l aliquots at Ϫ20 and Ϫ70°C, respectively, until processed for ELISAs.
Anti-HAV testing. IgM antibody capture (MAC), IgG antibody capture (GAC), and IgA antibody capture (AAC) ELISAs for HAV antibodies were carried out by the method described earlier (5) Briefly, microwell ELISA plates (Maxisorb; Nunc, Roskilde, Denmark) were separately coated (125 l/well) at room temperature overnight with rabbit anti-human IgM ( chain specific, 3.1 g/liter; Dako, Glostrup, Denmark), anti-human IgG (␥ chain specific, 5.7 g/liter; Dako), or anti-human IgA (␣ chain specific, 5.7 g/liter; Dako) antibodies at dilutions of 1:1,000, 1:250, and 1:400, respectively. The test serum samples were added in dilutions of 1:5 for IgM and IgA and 1:2 for IgG, and urine samples were added undiluted, in identified wells. Addition of HAV, anti-HAV IgGhorseradish peroxidase conjugate, and enzyme substrate (o-phenylene diamine [Sigma, St. Louis, Mo.] and urea peroxide [Sigma] ) and termination of the reaction with sulfuric acid (Qualigens, Mumbai, India) were performed as described earlier (5). The cutoff value was determined by adding 1/10 of the mean optical density (OD) from duplicate determinations with a known positive control sample to the mean OD from triplicate determinations with a known negative control sample (10) . Specimens with absorbance value less than and greater than the cutoff value were considered negative and positive, respectively (5).
Statistical analysis. McNemar's test (with continuity correction) was used to compare anti-HAV positivity of paired serum and urine samples for IgM, IgG, and IgA markers of all individuals in the study. Student's t test was used to compare mean values between two independent groups, and the paired t test was used to compare mean values between two paired groups for anti-HAV markers. The chi-square test was used to compare uropositivity of anti-HAV IgM at different time intervals during storage. The correlation coefficient between serum and urine sample OD/cutoff OD (S/Co) ratios and its significance was computed using SPSS version 6.0 Table 1 shows the comparison between freshly collected paired serum and urine specimens in anti-HAV MAC ELISA. Among anti-HAV IgM-seropositive patients, 95.65% (88 of 92) were uropositive for anti-HAV IgM. There was no statistically significant difference between the percent positivities of serum and urine samples (P Ͼ 0.05). All control groups showed sero-and uronegativity for anti-HAV IgM. The mean S/Co ratios obtained for urine specimens from hepatitis A patients were significantly higher than those of control groups (P Ͻ 0.05) ( Table 1 ). The correlation between paired serum and urine S/Co ratios was found to be significant (r ϭ 0.59; P Ͻ 0.05) (Fig. 1) .
RESULTS

Reactivities of paired serum and urine samples in anti-HAV MAC ELISA.
Of the four patients who were only seropositive, three showed strong reactivity, while one was weakly positive in anti-HAV MAC ELISA. When subjected to total IgM capture ELISA, urine specimens from these patients showed an absence of IgM.
Sequential urine samples were collected from six hepatitis A patients during the postonset period. The S/Co ratios obtained at different days postonset were in the range of 1.02 to 6.55, indicating persistence of anti-HAV IgM for prolonged periods (postonset days were 23, 32, 55, 74, 89, and 130 for the six patients) during the convalescent phase of the disease. A subclinical case of hepatitis A identified in routine surveillance also showed the presence of urinary anti-HAV IgM and its persistence up to day 74 postonset.
Many types of microorganisms multiply rapidly in urine at room temperature. For practical purposes, urine specimens FIG. 1. Scatter diagram displaying anti-HAV IgM activity in simultaneously collected serum and urine specimens from hepatitis A patients (n ϭ 92), healthy controls (n ϭ 98), non-A hepatitis patients (n ϭ 70), and patients with nonhepatic diseases (n ϭ 62). Table 2 ). There were six samples that were only seropositive and eight samples that were only uropositive. However, the correlation between paired serum and urine S/Co ratios was significant (r ϭ 0.7; P Ͻ 0.05) (Fig. 2) .
Anti-HAV IgA. The anti-HAV AAC ELISA indicated that there was no significant difference between the proportions of serum and urine positivity for anti-HAV IgA among all groups studied (McNemar's test, P Ͼ 0.05) ( Table 3 ). In comparison to control groups, the mean S/Co ratios obtained for both serum and urine samples from hepatitis A patients were significantly high (P Ͻ 0.01 for each comparison). Within the hepatitis A patients, the mean S/Co ratio for urine specimens FIG. 2. Scatter diagram displaying anti-HAV IgG activity in simultaneously collected serum and urine specimens from hepatitis A patients (n ϭ 80), healthy controls (n ϭ 100), non-A hepatitis patients (n ϭ 58), and patients with nonhepatic diseases (n ϭ 64). was significantly higher than that of serum specimens, indicating higher reactivity of urine for anti-HAV IgA (P Ͻ 0.01).
With this marker, individuals who were only seropositive (n ϭ 16) and who were only uropositive (n ϭ 12) were identified in all groups except the hepatitis A patient group, which included one sample that was only uropositive. The scatter diagram of anti-HAV IgA S/Co ratios showed a correlation coefficient of 0.86 with a P value of Ͻ0.05 (Fig. 3) .
Comparison of anti-HAV antibody contents in serum and urine. Freshly collected serum and urine specimens from three hepatitis A patients were serially diluted, and the titers of anti-HAV IgM, IgG, and IgA antibodies were determined in capture ELISAs. As reported earlier (6), very high titers (1: 32,000 to 1:256,000) were observed in the sera for all three classes of antibodies. Urine anti-HAV antibody titers were, however, significantly lower (undiluted, 1:128).
Sensitivities and specificities of tests using urine as a specimen. Using seroreactivity as a "gold standard," the sensitivities and specificities of the assays using urine as a specimen were, respectively, 95.65 and 100% for anti-HAV MAC ELISA, 97.76 and 76.47% for anti-HAV GAC ELISA, and 92.23 and 88.18% for anti-HAV AAC ELISA (Table 4) .
DISCUSSION
The class-specific antibody capture ELISAs described in this study clearly detected urinary HAV antibodies. Use of urine specimens in anti-HAV MAC ELISA correctly identified 95.65% of anti-HAV IgM-seropositive hepatitis A patients and did not produce any false-positive reactions in control groups. The sensitivity of the test using urine may have been equivalent to that of the test used for serum. However, the urine samples classified as negative for anti-HAV IgM lacked total IgM. Thus, the absence of IgM in urine indicated the absence of filtration, local synthesis, or transudation of IgM in urine or its presence below the detection limits of the MAC ELISAs employed. Testing of follow-up urine samples and/or concentration of larger volumes may be useful in such cases. Loss of IgM was observed when urine samples were stored at Ϫ70°C, and hence the use of fresh samples is desirable in such tests. Stor -FIG. 3 . Scatter diagram displaying anti-HAV IgA activity in simultaneously collected serum and urine specimens from hepatitis A patients (n ϭ 86), healthy controls (n ϭ 100), non-A hepatitis patients (n ϭ 66), patients with nonhepatic diseases (n ϭ 64). (5), uropositivity was detected for prolonged times during the convalescent phase. Hepatitis A is endemic in India. The extent of exposure to HAV is usually very high, resulting in the generation of anti-HAV antibody early in life (1). In our study, sero-and uropositivity displayed 97.76% concordance for anti-HAV IgG, suggesting the utility of urine for detection of past infection. It was also noted that in a group of patients with nonhepatic diseases, anti-HAV IgG positivity in serum and urine was significantly low compared to that in healthy individuals (P Ͻ 0.01). The decreased anti-HAV IgG prevalence was mainly in patients with kidney disease. It is unlikely that these patients were not exposed to HAV. However, the reasons for high proportion of negativity could not be traced. Loss of detectable antibody following immunosuppression may occur (2) .
The role of anti-HAV IgA in relation to intestinal or mucosal immunity has been investigated (16, 25, 26) . The present study evaluated IgA from urine as a marker of immunity and its possible use in the diagnosis. Uropositivity for anti-HAV IgA was in 95.65% agreement with seropositivity. So far, the seroprevalence of anti-HAV IgA in immune individuals has not been investigated. The conditions required to maintain or boost anti-HAV IgA-type response are also not known. The data obtained in our study on the seroprevalence of anti-HAV IgA in healthy individuals suggest that anti-HAV IgA probably lasts for shorter period than that of IgG (Tables 2 and 3) . However, if it persists in serum, its presence can be detected in urine. Similar to the case for anti-HAV IgG, decreased seroand uroprevalence of anti-HAV IgA was observed mainly in patients with kidney diseases, indicating loss or low concentrations of antibodies not detectable by the test employed.
In the present study, only sero-or uropositivity for anti-HAV IgG or IgA was noted in a small proportion of patients. Such a type of response has been described earlier with HIV antibody screening (17, 28) . Only uronegativity or -positivity was counted as false reactivity when serum reactivity was considered the gold standard. Subsequently, when a large number of samples were analyzed, it was demonstrated that neither serum nor urine results alone were as sensitive for HIV type 1 antibody detection as combined results from both samples (29) . Mazzoli et al. have suggested the possibility of a compartmentalized immune response to pathogens and protective roles of cell-mediated immunity and mucosal IgA in anti-HIVnegative individuals exposed to HIV (19) .
Overall virus-specific IgM, IgG, and IgA synthesis elicited in HAV infection was observed in urine specimens. Such an observation was not made for hepatitis E virus infection which is also transmitted feco-orally with similar clinical and biochemical symptoms (12) . Renal involvement and renal failure have been reported in association with fulminant and nonfulminant hepatitis A (24, 32) . The exact mechanism involved in affected patients is not known. Immune complex-mediated glomerulonephritis, acute tubular necrosis, and hepatorenal syndrome have been documented in some cases (14, 24, 31) . Virus-induced injury has been postulated by Chio and Bakir (4). Monkey kidney cells are known to support in vitro propagation of HAV (7, 9) . Glomeruli have also been identified as extrahepatic sites for HAV replication in experimentally infected animals (18) . Whether such a renal site exists in vivo in hepatitis A patients, leading to local synthesis of immunoglobulins, needs to be investigated.
Finally, the usefulness of urine as a specimen for diagnosis of hepatitis A, highlighted by our study, could be confirmed in large-scale epidemiological studies. If it stands the test of large sample sizes, this may find several applications in routine surveillance, epidemiological investigations, and hepatitis A vaccination programs. 
